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3W000hK streegg‘z‘zgogugfogogls The invention relates to a resonance based pressure trans 
as mgton’ ' ( ) ducer system, insertable into a living body for the in vivo 

_ measurement of pressure. It comprises a pressure sensor (2) 
(21) Appl' NO" 09/810’415 having a mechanical resonator (16), the resonance frequency 
22 Fl (12 M _ 19 2001 of Which is pressure dependent; and a source of ultrasonic 

( ) 1 6 ar ’ energy The sensor (2) is mechanically coupled to said 
Related US Application Data source (4) of ultrasonic energy, and the sensor and the source 

of ultrasonic energy are provided on a common, elongated 
(63) Non_provisional of provisional application NO_ member (6) at the distal end thereof. A system for pressure 

60/199,349, ?led on Apt 25, 2000 measurement comprises an AC poWer supply, a resonance 
based pressure transducer system, and a control unit for 

(30) Foreign Application Priority Data controlling the supply mode of the AC poWer, and for 
analyzing a resonance signal emitted from the resonance 

Mar. 21, 2000 (EP) ...................................... .. 00850051.4 based pressure transducer system. 
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RESONANCE BASED PRESSURE TRANSDUCER 
SYSTEM 

[0001] This application claims the bene?t of priority of 
European application 008500514, ?led Mar. 21, 2000, and 
US. provisional application 60/199,349, ?led Apr. 25, 2000. 
The entire contents of both of these applications are incor 
porated herein by reference. 

[0002] The present invention relates generally to devices 
for measuring physiological pressures, and in particular to 
such devices and systems employing resonance as the 
vehicle for information transmission. 

BACKGROUND OF THE INVENTION 

[0003] The need for measuring and recording physiologi 
cal pressures, for example, in the coronary vessels, has 
triggered the development of miniaturiZed devices for 
enabling the access to the very narroW vessels, such as 
coronary vessels. Typically a sensor of very small siZe is 
mounted on a guide Wire, Which is inserted in eg the 
femoral artery and guided to the desired point of measure 
ment, eg a coronary vessel. There are certain problems 
associated With the integration of a pressure sensor onto a 
guide Wire suitable for the type of measurements mentioned 
above. The ?rst and foremost problem is to make the sensor 
sufficiently small. Also, the number of electrical connections 
and leads should be minimiZed, in order to obtain a suf? 
ciently ?exible guide Wire Which can be guided to the 
desired location through the coronary vessels Without too 
much difficulty. One Way of eliminating the electrical leads 
and connections is to employ a resonance sensor Which 
reacts on external stimuli in the form of eg ultrasonic 
energy by emitting a resonance frequency that can be 
correlated to pressure prevailing in the environment Where 
the sensor is located. Such a device is disclosed in our 
co-pending US. patent application Ser. No. 09/219,798, 
?led Dec. 23, 1998, and Whose entire contents are incorpo 
rated herein by reference. 

[0004] Another example is disclosed in US. Pat. No. 
5,619,997 (Kaplan). It relates to a passive sensor system 
using ultrasonic energy, and comprises an implantable sen 
sor capable of responding to ultrasound by emitting a 
resonance that is detectable and Which varies in accordance 
With the variations of a selected physical variable. 

[0005] A draWback With these systems is that they require 
an external source of ultrasonic energy, Which is located 
outside the body in the vicinity of the measurement location. 
It makes the systems bulky and it may be difficult to 
accurately knoW the position of the resonance sensor inside 
the body, and thus the quality of the signal can be less than 
optimal. 

SUMMARY OF THE INVENTION 

[0006] Therefore, the object of the present invention is to 
provide a system that overcomes the draWbacks indicated 
above. 

[0007] This object is achieved With a resonance pressure 
transducer system as described beloW. Thereby, a resonance 
sensor is arranged in close proximity to, preferably mounted 
on, a source of ultrasonic energy, e. g. a pieZo-electric crystal 
capable of generating oscillations in the frequency range 10 
kHZ to 100 MHZ. 
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[0008] Preferably the system is provided on a Wire, eg a 
guide Wire, to facilitate insertion into the body of a patient. 

[0009] In a further aspect of the invention there is pro 
vided a pressure measurement system, comprising an AC 
poWer supply; a resonance based pressure transducer sys 
tem; and a control unit for controlling the supply mode of the 
AC poWer, and for analyZing a resonance signal emitted 
from the resonance based pressure transducer system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention Will noW be described in detail With 
reference to the draWings, in Which 

[0011] FIG. 1 illustrates a ?rst embodiment of a system 
according to the invention; 

[0012] FIG. 2 illustrates a second embodiment of a system 
according to the invention; 

[0013] FIG. 3 illustrates a third embodiment of a system 
according to the invention; 

[0014] FIG. 4 illustrates a preferred embodiment of a 
sensor/energy source assembly according to the invention; 

[0015] FIGS. 5a and 5b shoW typical Waveforms for 
excitation and detection; and 

[0016] FIG. 6 is a schematic illustration of a system 
comprising the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] For the purpose of this application the expression 
“mechanical coupling” or “mechanically coupled” shall be 
taken to encompass any connection betWeen tWo elements 
that permits the transfer of vibrations, particularly in the 
ultrasonic range, from one element to another. 

[0018] FIG. 1 illustrates schematically the inventive idea, 
namely the provision of a resonance sensor 2 responding to 
ultrasonic energy by resonating at a selected frequency, the 
resonating frequency of Which being subject to a frequency 
shift When the sensor is exposed to a pressure differential. It 
also comprises a source 4 of ultrasonic energy located in 
close proximity to said sensor. The amount of energy stored 
by the resonator is very small. Therefore it is essential that 
the distance betWeen the source and the resonator is very 
small, in order to enable a reasonable detection level. The 
longer the spacing betWeen the tWo is, the more difficult it 
Will be to detect the resonance. In the shoWn embodiment 
the sensor and energy source are both attached to the distal 
end portion of a core Wire 6 running inside a guide Wire, 
suitably of the order of 1.5 m in length, in order to enable 
that they be easily inserted into the body of a patient, and 
manipulated to a measurement site. The guide Wire com 
prises a proximal tube 9, a coil 11 for providing ?exibility, 
and at the distal end portion it comprises the sensor assembly 
2, 4, mounted on the core Wire 6. The sensor is preferably 
enclosed in a protective tube segment 12 With an aperture 
13, such that the surrounding medium Will have access to the 
resonance sensor 2. Attached to the distal end of the tube 
segment 12 is a second coil 15. The ultrasonic source is 
electrically energiZed by the supply of a high-frequency AC 
voltage, eg at 10 kHz-100 MHZ and 1-100 V. The electrical 
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energy is supplied via electrical leads 8, 10. The core Wire 
6 could be used as one lead if desired, in order to bring doWn 
the number of leads to one. 

[0019] The source of ultrasonic energy preferably consists 
of a plate of pieZoelectric material, eg lead Zirconate 
titanate (PZT), adhesively bonded to a ?at surface of the 
guide Wire 6. The plate 4 Will include electrodes 21, 22 
attached to at least tWo of its surfaces and connected to the 
leads 8 and 10. Upon application of an AC voltage betWeen 
these electrodes, mechanical vibrations synchronous With 
the applied AC frequency Will be generated in the plate 4. 
These vibrations Will propagate via the guide Wire 6 to the 
resonance sensor 2. 

[0020] The Wire 6 may consist of the core Wire of a guide 
Wire assembly as stated above, but may also be any elon 
gated member, housing the resonance sensor 2 and the PZT 
element 4. For example, it may consist of a thin Wire 
functioning as an antenna for Wireless communication 
betWeen the PZT element 4 and an external electronic unit. 

[0021] In FIG. 2 another embodiment is shoWn, for sim 
plicity Without electrical leads and protective tube. Here the 
resonance sensor 2 is attached on top of the pieZo-oscillator 
4. In this Way there is an intimate contact betWeen the source 
of ultrasonic energy and the resonating structure, Whereby a 
very efficient energy transfer is obtained. 

[0022] A third variant is also conceivable, Where the 
sensor 2 and the energy source 4 are connected end-to-end 
to each other, as shoWn in FIG. 3. 

[0023] The preferred embodiment is the one shoWn in 
FIG. 2. Apreferred structure of sensor/energy source assem 
bly is illustrated in some detail, although schematically, in 
FIG. 4. 

[0024] Thus, a pieZo-electric element (or crystal) 4 is 
provided, on a surface of Which a resonance unit 2 is 
mounted in intimate contact thereWith. The resonance unit is 
attached by means of a non-damping mechanical coupling, 
ie the energy emitted by the pieZo-electric element must not 
be absorbed in the connection area to any signi?cant extent. 
There are several possible Ways of attaching, such as by 
bonding in general terms, gluing or soldering, just to men 
tion some. The resonance unit comprises a cell 14, having a 
bottom and side Walls, forming a box-like structure. The 
open end of the box 14 is closed by a thin membrane 18. 
Inside the cell there is a resonant beam structure 16, that can 
have various different shapes, such as a thin membrane like 
shape, the geometry of Which also can be varied. The beam 
16 is attached at one end to a cell Wall, and the other end is 
attached to a suspension element 20, Which is attached to the 
membrane 18. The beam 16 has a unique resonance fre 
quency, the value of Which varies in dependence of the strain 
in the material constituting the beam. In response to a 
pressure change in the environment surrounding the sensor 
2, Which causes a change in pressure differential across the 
membrane 18, the membrane Will either de?ect inWards or 
outWards, and thereby cause the beam 16 also to de?ect 
accordingly, since it is connected to the membrane via the 
suspension element 20. A suitable sensor of this type is 
disclosed and claimed in Us. patent application Ser. No. 
09/219,794 (now US. Pat. No. 6,182,513) With the same 
assignee as the present application. The entire contents of 
this US. Patent are incorporated herein by reference. 
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[0025] The chamber or cavity 23 housing the beam 16 is 
preferably evacuated in order to minimiZe viscous damping 
of the resonant vibrations of the resonance unit 2. The 
quality factor Q of the resonance, de?ned as the ratio 
betWeen the reactive and dissipative energy of the vibra 
tions, should be as high as possible in order to provide 
adequate measurement accuracy. An optimiZed design and 
construction of the resonance sensor 2, using silicon micro 
machining techniques, Will typically yield a Q value of 10 or 
more, preferably 50 or more, most preferably 100 or more. 

[0026] In a preferred embodiment the ultra sound source is 
a unit made of PZT, Which commonly is amorphous, or 
polycrystalline. The source is used for both “excitation” and 
“listening”, ie it transmits energy to cause resonance in the 
resonator, and it also receives energy of the resonance 
frequency from the resonating beam in the sensor via the 
“box” structure, thereby generating an output signal that is 
detected. 

[0027] This requires that the crystal be operated at a 
frequency that matches the resonance frequency of the 
resonator. 

[0028] There are several possible modes of operation of a 
device according to the invention (in this regard reference 
can be had to our unpublished International Application 
PCT/SE99/02467, incorporated by reference). 

[0029] Typical Waveforms for excitation and detection are 
shoWn in FIGS. 5a and 5b, respectively. The excitation 
Waveform is a burst of sine Waves. In an acoustic/mechani 
cal system, a preferable excitation frequency is 1 MHZ, and 
the burst consists of 10-1000 periods, depending on the 
quality factor Q of the resonator. Alarger number of periods 
is more desired When the quality factor Q is high, because 
a larger oscillation amplitude is induced. FIG. 5b depicts 
such a build-up of the oscillations. When the external poWer 
source causing excitation is sWitched off, poWer Will be 
emitted from the resonator and decays at a rate also deter 
mined by the quality factor Q. The frequency of the free 
oscillations fO is equal to the resonance frequency of the 
resonator. 

[0030] The burst of sine Waves according to FIG. 5 is 
folloWed by a relaxation period until the next burst. The 
relaxation periods are preferably longer than the duration of 
the bursts. 

[0031] A?rst preferred mode is thus to excite the PZT unit 
With short pulses of applied voltage. Such excitation com 
prises a very broad spectrum of excitation frequencies 
(ideally a short pulse, With a duration not exceeding the 
period of time corresponding to the resonance frequency of 
the resonance sensor 2). Thus, there Will alWays be some 
energy available in the pulse, Which Will cause the resonator 
to vibrate at its resonance frequency. 

[0032] BetWeen pulses, there Will be periods of no exci 
tation. During this time period the resonator Will yield a 
decaying oscillation at its resonance frequency. The PZT 
unit Will be affected by the resonance energy from the 
resonator, and a voltage Will be generated in the unit. The 
change in voltage response caused by the vibrating crystal 
When exposed to a pressure differential compared to the 
response at nominal pressure is measured, and can be 
converted into a pressure value. 
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[0033] The actual nominal resonance frequency of the 
resonance sensor at standard conditions (eg 25° C. and 1 
bar pressure) is determined during manufacturing. 

[0034] Alternatively, continuous sine Wave excitation can 
be used. If the sine Wave excitation is sWept continuously in 
a frequency range encompassing the resonance frequency of 
the sensor 2, then the resonance Will manifest itself as a 
sharp peak of the mechanical load of the PZT element 4. In 
turn, this Will in?uence the electrical impedance of the PZT 
element Which may be measured remotely by the connecting 
leads 8, 10. 

[0035] A complete system for pressure measurements, 
schematically illustrated in FIG. 6, Will include an AC 
poWer source capable of delivering output voltages in a 
controlled manner. This control is provided by a suitable 
control unit such as a computer, programmed for a number 
of excitation options. Thus, the excitation mode can be 
selected to suit the particular measurement at hand. 

[0036] The actual procedure is performed as folloWs. 

[0037] The pieZo-electric device is energiZed With an AC 
voltage at a suitable frequency in the range 10 kHZ to 100 
MHZ. It generates an ultrasonic Wave hitting the resonator 
(beam) inside the sensor box structure Which begins to 
vibrate at its resonance frequency. If the membrane in the 
sensor structure is subjected to a pressure different from 
ambient, it Will be de?ected, thereby causing the resonator 
to experience some strain, Which Will change the resonance 
frequency. The excitation voltage is sWitched off, and the 
pieZo-electric element Will be exposed to the decaying 
resonance output from the resonator, thereby producing a 
pieZo-electric voltage of the same frequency as the vibrating 
resonator, that is detectable, and that can be correlated to the 
pressure differential. 

[0038] The pieZo-electric element must be capable of 
detecting the entire dynamic frequency range that the reso 
nating beam in the sensor generates due to pressure changes, 
eg 1 atm +/—500 mm Hg. 

1. A resonance based pressure transducer system, insert 
able into a living body for the in vivo measurement of 
pressure, comprising 

a pressure sensor (2) having a mechanical resonator (16), 
the resonance frequency of Which is pressure depen 
dent; and 

a source of ultrasonic energy (4); 

Wherein 

the sensor (2) is mechanically coupled to said source (4) 
of ultrasonic energy, 

and Wherein 

the sensor and the source of ultrasonic energy are pro 
vided on a common, elongated member (6) at a distal 
end thereof. 

2. The resonance pressure transducer system as claimed in 
claim 1, Wherein the sensor (2) is mounted on said source (4) 
of ultrasonic energy. 
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3. The resonance pressure transducer system as claimed in 
claim 1, Wherein the common, elongated member is a Wire 

(6) 
4. The resonance pressure transducer system as claimed in 

claim 3, Wherein said source of ultrasonic energy (4) is 
attached to said Wire 

5. The resonance pressure transducer system as claimed in 
claim 1, Wherein the sensor (2) and said source of ultrasonic 
energy (4) are both attached to a Wire (6), and mounted 
adjacent to each other. 

6. The resonance pressure transducer system as claimed in 
claim 1, Wherein said source of ultrasonic energy (4) is a 
pieZo-electric element, capable of generating oscillations of 
a frequency in the range of 10 kHZ to 100 MHZ. 

7. The resonance pressure transducer system as claimed in 
claim 6, further comprising electrical connections (10) for 
enabling applying a voltage to said pieZo-electric element. 

8. The resonance pressure transducer system as claimed in 
claim 1, Wherein said sensor (2) comprises a membrane (18), 
a beam (16) attached to said membrane (18) by a suspension 
element (20), said beam (16) being housed Within an evacu 
ated chamber (23). 

9. The resonance pressure transducer system as claimed in 
claim 1, Wherein the resonance frequency of said sensor (2) 
has a quality factor (Q) exceeding 10. 

10. The resonance pressure transducer system as claimed 
in claim 1, Wherein excitation of said source (4) of ultrasonic 
energy uses pulses having a duration not exceeding the 
period time corresponding to the resonance frequency of the 
sensor 

11. The resonance pressure transducer system as claimed 
in claim 1, Wherein excitation of said source (4) of ultrasonic 
energy uses sine Waves, sWept in a frequency range encom 
passing the resonance frequency of the sensor 

12. The resonance pressure transducer system as claimed 
in claim 1, Wherein said sensor (2) comprises a cell (14), 
having a bottom and side Walls, forming a box-like structure. 

13. The resonance pressure transducer system as claimed 
in claim 12, Wherein an open end of the cell (14) is closed 
by a thin membrane (18) thus forming a vacuum cavity, in 
Which a mechanical resonator (16) is provided. 

14. The resonance pressure transducer system as claimed 
in claim 8, Wherein the beam (16) has a unique resonance 
frequency, the magnitude of Which is variable in dependence 
of the strain in the material from Which the beam is made. 

15. A pressure measurement system, comprising 

an AC poWer supply capable of delivering AC poWer in 
the frequency range of 10 kHZ to 100 MHZ; 

a resonance based pressure transducer system as claimed 
in claim 1; and 

a control unit for controlling a supply mode of said AC 
poWer, and for analyZing a resonance signal emitted 
from said resonance based pressure transducer system. 


